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Caracteériser les environnements sonores

SN, f NoeTmEE 1T F W At
PP R b Lyl /id - Directive 2002/EC/49

!
NRE

gt

p v?z / e & oL A - 3 O ; N . Ve .

. messe . © Modele harmonise au niveau
xS e - Yy, [ S o g X européen

Pierre Aumond, UMRAE



Caracteériser les environnements sonores
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 Les outils ?
« La perception ?
e Utiliser des mesures ?
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. Des modeles

Cartographier et prédire les environnements sonores

all?
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Standardisé
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“Standard” noise models

« CNOSSOS-like / Geometrical approaches

Path-finding algorithm

Emission model
Road trafic
Ralil trafic
Air trafic

Attenuation model

Salomons, E., Van Maercke, D., Defrance, J., & de Roo, F. (2011). The Harmonoise sound propagation model.
Acta acustica united with acustica, 97(1), 62-74.

Kephalopoulos, S., Paviotti, M., & Anfosso-Lédée, F. (2012). Common noise assessment methods in Europe
(CNOSSOS-EU). Common noise assessment methods in Europe (CNOSSOS-EU), 180-p.
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“Standard” noise models

Geometry & sound power of the sources

Source characteristics as :

« Speed

« Contact surface (pavement, rugosity, ...)

» Vehicule type (light vehicule, heavy vehicule, fret, ...)
« Environmental conditions (temperature) .
» Slope, distance to intersection L1777
« etc.

40m-B

Empiric model
+ Flow Rate #
Rollmg noise lelg( 0, ] L,(f) = dB/m
Propulsion noise 10007,
& Aerodynamic noise (different heights & directivities)

Pierre Aumond, UMRAE



“Standard” noise models

Topography

Geometry & acoustic characteristics of the obstacles

Geometry & nature of the ground

Occurrences of meteorological downward-refraction conditions in all the or each
propagation direction concerned.

Others meteorological factors

conditions homogeénes

Ly = Ly + Ay avec Ly, le niveau de puissance de la source et
AH — Ad:'v + Aatm + Asol’ + Adf’f + Ametea,H

conditions favorables

Lr = Ly + Af avec Ly, le niveau de puissance de la source et
AF — Adfv + Aarm + Aso! + Ad.-'f + Amereo._F

r

Pierre Aumond, UMRAE
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NoiseModelling

from 2010

initial goal : by and for researchers
CNOSSOS-EU model

Java libraries

GIS databases connection

Basic user-interface

Pierre Aumond, UMRAE



Open-Source

¥ cnossos - ¥ 4branches »25tags Go to file Add file = About £

* Open science
* reproducibility
« traceability

« transparency

* NoiseModelling
* Sound Mapping Tools ArcGIS toolbox
* QGIS plugin OpenoiseMap

. nicolas-f Merge pull request #331 from nicolas-f/swap_delaunay .-

.github

Docs

Licenses

h2gis-extension
noisemodelling-emission
noisemodelling-jdbc
noisemodelling-pathfinder
noisemodelling-propagation
noisemodelling-tutorial-01
website

wps_scripts

.gitignore

[ CODE_OF_COMDUCT.md
[ LICENSE

[ README.md
nbactions.xml

pom.xm|

README.md

Update Clyml

Update Contributions.rst

Update license-GPL.tut

Fix maven repo and lib version

Fix maven repo and lib version

Use good SRID on RECEIVERS points

complete unit test

ebbaded 4 minutes ago {5 1,641 commits

2 months ago
20 days ago
4 years ago
6 days ago
& days ago
4 days ago

24 minutes ago

Fix maven repo and lib version 6 days ago
Fix maven repo and lib version & days ago
update orbisgis url 7 years ago
Merge pull request #£331 from nicolas-f/swap_delaunay 4 minutes ago

inc version
Create CODE_OF_CONDUCT.md
Create License

Update README.md

Add main for independent plugin.

Fix maven repo and lib version

NoiseModelling

8 months ago
2 years ago
2 years ago
2 months ago
10 years ago

6 days ago

Z

NoiseModelling is a library capable of producing noise maps of cities. This toel is almost compliant with the CNOS505-

EU standard methed for the noise emission (only traffic) and noise propagation.

A free and open-source model to
compute noise maps.

¢ noise-planet.org/noisemodelling.ht...

[0 Readme

& GPL-3.0 License

Releases 25

> MoiseModelling V3.3.2

+ 24 releases

Packages

Contributors 15
®=ic
0s2e

+4 contributors

Languages

JavaSeript 0.5%

e ——————————— Pierre Aumond, UMRAE




Modeles de référence
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Modeles de références

b Storage refers o the needed storage capacity of the method,

¢ Acceleration through parallel implementation on CPUs andfor GPUs.

4 Staircase approximation.

“ Frequency independent boundary conditions.

I Classical attenuation only,

£ Large number of grid points, see Table 2,

h Simplified approaches only.

! Although this should be possible, it has not been encountered for urban acoustics applications.
i Locally reacting surface impedance,

k Kirchhoff approximation.

¢ = 340 m/s has been used.

Table 1

Level of appropriateness of computational urban acoustics methods regarding prediction of urban sound at microscale: {—) low, {0} medium or (4 ) high.
Method Type! Meteo Reflection Diffraction Frequency

Mean profiles Turbulence Air Abs. Geometry Materials Storage” Acceleration®

PSTD [31,32,111,112] D - + 1 o £ < + 1
FIXTD [27,106,113] ™ i i of o i i o* 3
BEM [28,114] FD - - o i ol i of o
M BEM [29] FD ! ! o f o } { o'
ESM [25,26] FD b b + ot o + o o
TLM [33.115-117] D i | | o 0 i o" 3
PE [34.35] FD i | o b ol o o o
meodal/FEM |30] FD o' o o b o + o o'
* Time domain method (TD) or Frequency domain method (FD) Table 2

Requirement of number of points per wavelength ppi for accurate results in urban
acoustics (as reported by cited work) and number of discrete points in a
20m = 20 m = 300 m street, and 2D cross section of spund propagation over an
urban area 100 m x 2000 m, up to the 1.6 kHz third octave band. A sound speed of

Ten questions concerning computational urban
& acoustics — Hornikx, 2016

Method Volume (V)or ppi(—)  MNumber of points
B?f'md%_w (.BJ 30 street 2D urban section
discretization
method «10° % 10°

PSTD [31,32] v 2 014 2232

FDTD [27]® A 10 17.68 558.03

TLM [33] A 10 17.68 558.03

BEM [28] B G-10 002005 013021

FM BEM [29] B 610 0.02-0.05 0.13-0.21"

ESM [2526] B 10 0.05 021°

PE v 10 17.68[35]  558.03" [34]

Maodal[FEM - 10 0.03¢ -

applications.

420 intersections every 10 m are assumed.

® Model is applied in 3D only.

B A discretization length of 4000 m is assumed.
© 2D intersections are discretized in the 3D model.

* A lower ppd number is feasible, but has not been presented in urban acoustics

Pierre Aumond, UMRAE



Equation Parabolique

Fort développement pour le bruit éolien.

M‘ Bill Kayser, Benoit Gauvreau
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Equation Parabolique

Proche de la source ? (EWAPE)
Z\

Wave and extra-wide-angle parabolic equations for sound
propagation in a moving atmosphere

@ CroasMark
#

Vladimir E. Ostashev, D. Keith Wilson, and Michael B. Muhlestein®
United States Amny Engineer Research and Development Center, 72 Lyme Road, Hanover, New Hampshire 03755, USA

ABSTRACT:

The narrow-angle parabolic equation (NAPE) with the effective sound speed approximation (ESSA) is widely used
for sound and infrasound propagation in a moving medium such as the atmosphere. However, it is valid only for
angles less than 20° with respect to the nominal propagation direction. In this paper, the wave equation and extra-
wide-angle parabolic equation (EWAPE) for high-frequency (short-wavelength) sound waves in a moving medium
with arbitrary Mach numbers are derived without the ESSA. For relatively smooth vanations in the medium velocity,
the EWAPE is valid for propagation angles up to %°. Using the Padé (n,n) seres expansion and narrow-angle
approximation, the EWAPE is reduced to the wide-angle parabolic equation (WAPE) and NAPE. Versions of these
equations are then formulated for low Mach numbers, which is the case that is usually considered in the literature.
The phase errors pertinent to the equations considered are studied. It is shown that the equations for low Mach num-
bers and the WAPE with the ESSA are applicable only under rather restrictive conditions on the medium velocity.
An effective numerical implementation of the WAPE for arbitrary Mach numbers in the Padé (1,1) approximation is
developed and applied to sound propagation in the atmosphere. hitps://doi.org/10.1121/10.0001397

(Received 23 March 2020; revised 21 May 2020; accepted 25 May 2020; published online 17 June 2020)
[Editor: Philippe Blanc-Benon] Pages: 3969-3984

Bill Kayser, Benoit Gauvreau
PiefreAumond, UMRAE



Equation Parabolique

Admittance effective

sol plan + effet moyen de la rugosite sur la diffusion des ondes.

— _ -4
Absorbent/rough, Hg = 1m, f = 1000 Hz f = 500 HZ’ afr =500 kN.s.m

10

Analytical solution
Parabolic Equation model

height (m)
=

attenuation (dB)

= a ----- Analytical solution w/r
0 B L = -20F Parabolic Equation w/r
I S—
-20 =
; g B ) 48 5 & 2 -40
20 25 30 35 40 45 50 55 = - i
Simulation with PE model ” é
10 ¢
2 £ -60
= S =]
E 5 ol = @
+= s g
T il 0
£ of :
- 3

)
S

0 200 400 600 800 1000

20 25 30 35 40 45 50 55 distance (IIl)

distance (m)

B. Kayser, et. al., Sensitivity analysis of a parabolic equation model to ground impedance and surface
a roughness for wind turbine noise. The Journal of the Acoustical Society of America, 2019

ﬂ— Bill Kayser, Benoit Gauvreau
PrerreAumond, UMRAE




Equation Parabolique

Sol, Relief, Atmosphére 3D
—30
3 35
% -40 g H=02, z=t.7m Magnitude of the
p: 2 _3 SPL difference
2 | 1 ! 1 = I o il 4 —45
E)100 -80 -60 -40 -20 0 20 40 60 80 100 —50
'% &'“W
48} .
g% =L =45 0 0 1 L5
y (km)
60 70 80 90 100 110 120 130
TL (dB)

Wilson, D. K., Shaw, M. J., Ostashev, V. E., Muhlestein, M. Khodr, C., Azarpeyvand, M., & Green, D. N. (2020). An iterative three-
B., Alter, R. E., Swearingen, M. E., & McComas, S. L. (2022). dimensional parabolic equation solver for propagation above irregular
Numerical modeling of mesoscale infrasound propagation in boundaries. The Journal of the Acoustical Society of America, 148(2),
the Arctic. The Journal of the Acoustical Society of America, 1089-1100.

151(1), 138-157.

ﬂ— Bill Kayser, Benoit Gauvreau
PiefreAumond, UMRAE




Equation Parabolique

Eolien Offshore ?

Bill Kayser, Benoit Gauvreau
PiefreAumond, UMRAE




Autres modeles de réféerence

Auralisation

2
Figure 3.53 Turbulent kinetic energy field 0.5|vi| (in m%s?) for a single
realization of the homogeneous, two-dimensional turbulent flow field. The CV2 in two

dimensions is 10/9 m**/s%.

E T. Van Renterghem, 2006. Parameter study of sound propagation between city canyons with a coupled FDTD-PE model.
—J1 M. Hornikx et al. 2016. openPSTD: The open source pseudospectral time-domain method for acoustic propagation.

E Van Renterghem, T., 2004. The finite-difference time-domain method for simulation of sound propagation in
—J a moving medium.

Pierre Aumond, UMRAE



Cartographie a bas-codt
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Utilisation de données libres

Data source Data layers
Street data :

3>
v

Buildings data P

‘:\jj * L ﬁ& : :‘}/‘ —

Vegetation data

T -
¥

* Presque tous les jeux de données
peuvent étre trouvé sauf....
« Les données de traffic routier

Integrated data

(€) OSM v refarance noise map

Figure 10. Noise maps for (left) Lden and (right) Ln.

N @ « Noise Mapping based on OpenStreetMap data », E Bocher - 2019
https://github.com/lukasmartinelli/osm-noise-pollution , 2015
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Inférence statistique pour modeles bas-codt

TABLE L. Input variables considered by the network.

1 Time of day
2 Commercial or leisure environment
. g 3 Constructi k in th

Vanables Coefﬁcxent ons., .m': Imn \.uor i fhe Ared

4 Stabilization time

< 5 Traffic flow type
(In tertept) 4332 6 Ascendant light vehicle flow
Traffic hgh ts 1.28 7 Descendant light vehicle flow
. 8 Ascendant motorcycle flow

C TOSSW alkS 0'83 9 Descendant motorcycle flow
Road surface condition 2.51 10 Ascendant heavy vehicle flow

11 Descendant heavy vehicle flow
Lanes 1 60 12 Number of vehicles with siren
Law L‘nfOrC ement authorities -4.76 13 Abnormal events related to traffic
B tes 1 O] 14 Abnormal events unrelated to traffic

us routes > 15 Average vehicle speed
Schools 2.69 16 Road slope
o PO 17 Number of ascending lanes

FIOOI'S In bl‘"]d lngS 2‘]9 18 Number of descending lanes
Street length 0.006 19 Pavement type

20 State of the pavement
Bus stops -0.64 o1 Street type
ShOpS -0.14 22 Street width

23 Average building height

24 Road width

25 Distance from noise source

Noise Estimation Using Road and Urban A neural network based model for urban noise
Features, G.R Gozalo et al., 2020 prediction, Genaro et al., 2010

Pierre Aumond, UMRAE



Nouvelles méthodologies
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Intégration de la dynamique temporelle
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Guillermo Quintero et al., 2018

Arnaud Can et al. 2015

L
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Intégration de la dynamique temporelle
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MATSIim

Multi-Agent Transport Simulation

Valentin Lebescond et al. 2018

Time frame :

{ Noise Levels in the city of Nantes, Loire Atlantique, France

7 A \/ X \< XN

=N

B < 35dB(A)
I 35 - 40dB(A)
40 - 45dB(A)
45 - S0dB(A)
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55 - 60dB(A)
60 - 65dB(A)
I 65 - 70dB(A)
B 70 - 75dB(A)
B > 75dB(A)

00h - 01h
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Intégrer plus de sources sonores

Spatio-temporal activity model

Voices Bird songs

W

Vo SRR \f_'-_; '
o o,

R o
. ‘-F‘;q T b |
Sound emission  ay. {f Ahw
X ?Q y“_ﬂ“ {
model P e »
’m R Ollss - 109 - 20%
k‘g% TP > 'ﬂ A 20%-30%
’ N &A ‘:‘\'ﬁ—%o — - :0}0 : 30%-40%
(a) (b) I 40%-50%
56N 7Sk ' B 50%-60%
g 3 Bl 50%-70%
. ¢ “ B 70%-80%
A\
g =

L)
il Traffic

& @ Probabilistic modeling framework for multisource sound mapping, Aumond et al. 2018
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Meta-Modeles

Meta-model

—

M(p) = Wi(p) x map; + wa(p) X mapa + ... + Wi (p) X mapy

Lesieur, 2019

Pierre Aumond, UMRAE



Meta-Modeles

Interactive metamodel

50-55
60-65

W 045
B es70
| BT

B #550
W 7o

| B

Nght vehicles rate of flow (% of nominal vaiue):
1.05

heavy vehicles rate of fiow (% of nominal
value):
1

fight vehicles spoed (% of nominal vaiue): 1.80

B

heoavy vehicles speed (% of nominal value):
1.05

Temperature (centigrade): 14
Junction distance (% of nominal value): 1

Reftection Coefficient: 0.40

Lesieur, 2019

Pierre Aumond, UMRAE



Meta-Modeles

f. =50 Hz Qualitatif

niveaux sonores Imoyens

Enjeux en termes de niveaux sonores

500 600 700 800 900 1000 1100 1200 1300 1400 1500

écarts-types des niveaux sonores

Enjeux en termes de variabilité

ﬂ | 1 I | | | 1 I | |
500 600 700 800 900 1000 1100 1200 1300 1400 1500

Bill Kayser, Benoit Gauvreau
Prerre-Aumond, UMRAE




ll. Des observations

Cartographier et prédire les environnements sonores

i

all?
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Réseau de capteurs « Low-cost »
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@ J. Picaut et al. 2021 - Low-Cost Sensors for Urban Noise Monitoring Networks—A
ﬂ— Literature Review
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Mesures mobiles
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o Turn your mobile phone into an environmental

RIS sensor and participate in the monitoring of noise
@ E. Bocher et al., 2018 Noise mapping based on participative measurements. p0||u'[i0n
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Observations + Modeles
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Assimilation de données
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Antoine Lesieur, 2021
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lll. Le paysage sonore en
acoustique environnementale



Le « Paysage Sonore » en acoustigue
environnementale

“Acoustic environment as perceived
or experienced and/or understood
by a person or people, in context” EVIRONMENT

as

1ISO 12913-1:2014 PERCEIVED
Acoustique — Paysage sonore

by
PERSON

Pierre Aumond, UMRAE



Cartographies du paysage sonore

Soundscape
quality

Very Bad
m10-14
m1s-18
m18-22
m22-26
26-30
30-34
34-38
m38-42
mi2-46
m46-50
Very Good

3

o } %
ez
@o

« Qualité »

oS ey
T TS
h

« Approprié »

Appropriateness of
the sound environment
Bl 25-36
-4

I a2-44

45-48
[ar-a9
{Js0-52
[]53 586
[1s7-60
[e1-64

65-69

I 70-77

ALVIN

« Agréable »

KERHONO

cense.noise-planet.org

Hong YJ.Y. (2017). Exploring spatial relationships among soundscape variables in urban areas: A spatial statistical modelling approach, Landscape and Urban Planning 157, 352—-3

Kang, J., Aletta, F., Margaritis, E. Yang, M. (2018). A model for implementing soundscape maps in smart cities, Noise

Pierre Aumond, UMRAE



Cartographies individualisées

Résidents peu sensibles
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Kleeboe, R., Engelien, E., Steinnes, M. (2006). Context sensitive noise impact mapping, Applied Acoustics, 67 (7), 620-642,
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Reconnaissance des sources

Perceived sound level
L50,1¢+z (OF Ng OF....)

Presence time of bird songs
TFSD 44,

Presence time of voices
TFSD5OOHZ

—_

LA
PR
X P

Pleasantness

Rapport Final, projet ADEME GRAFIC, 2017

Pierre Aumond, UMRAE



Reconnaissance des sources

UrbanEars v0.1 Mixed andio

Air conditioner — - .-___MW__ B
cor

Traffic contribution and detected presence

Children
Dog bark | B e
Drilling

Voices contribution and detected presence
Engine idling
Gun shot ot o >
Jackhammer
Siren Birds contribution and detected presence

T T T T
Street music - o | . e a e "= B = -

I I I | I | | I
0 0 10 15 20 25 an ] 40 45

SONYC, 2017 |

@ Analysis and interpretation of urban sound scenes using deep learning
approache, F. Gontier, 2020

SOﬁYO
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Quelgues cartographies

SOUND CARTOGRAPHY Aselection of sound maps over the world

il 2 Lorghude ] | 4'“'; NATIONAL TRANSPORTATION NOISE > MIMI

* Geolocalized recordings
* Measured sound
« Simulated sound
* Noise complaints
« Variety of sound sources
sy » Variety of representation

TR Y g | «  From engineering to art
TIES AND MEMORY 3 2 e LOCALINGUAL |
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eeeeeeeee P
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Conclusion
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Thank you !

Pierre AUMOND et les collegues du laboratoire !
Université Gustave Eiffel, CEREMA, UMRAE

Workshop SERENADE — 2022

www.umrae.fr

www.noise-planet.org
4 soundcartography.wordpress.com
- pierre.aumond@univ-eiffel.fr
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Segmentation

source line segment

point source

sonrce line
I I N N N .

angle of view

%
Nl

receiver

Figure 1.4: Source line, source line segment, propagation path and angle of view
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V. Propagation



PathFinding
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Attenuation

conditions homogénes

Ly = Ly + Ay avec Ly, le niveau de puissance de la source et
AH — Adiv =+ Aarm + Ascur + Adf’f =+ Ametea,H

conditions favorables

Lr = Ly + Af avec Ly, le niveau de puissance de la source et
AF — Adfv + Aatm + Aso.-' + Adff + Ameteo,,F

Pierre Aumond, UMRAE



Favourable conditions

10 log {p « 10LF/10 L (1 — p) x 10“”‘1”}
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Attenuation

conditions homogénes

Ly = Ly + Ay avec Ly, le niveau de puissance de la source et
AH — Adiv =+ Aarm + Ascur + Adf’f =+ Ametea,H

conditions favorables

Lr = Ly + Af avec Ly, le niveau de puissance de la source et
AF — Adfv + Aatm + Aso.-' + Adff + Ameteo,,F

Pierre Aumond, UMRAE



Attenuation

AH — Adfv + Aarm + Asa.l’ + Adf’f + Amerea,H

Pierre Aumond, UMRAE



Ad iV AH — Adfv + Aatm + Asa.l’ + Adf’f + Ametea,H

A =20xlg(d)+11

Pierre Aumond, UMRAE



Aatm

AH — Adfv -+ Aarm + Asa.l’ + Adf’f -+ Amerea,H

, dB/1km Atmospheric attenuation cocfficient
50 20°C (68F), 150 96131
=
L1
40 4 } S—
[ L
¥ 7 :(l _//
20

e 70%
50%
40%
30%
20%

—10%

f Hx

—a_-d /1000

Pierre Aumond, UMRAE



Aground

AH — Ad.-'v -+ Aatm + Aso.l’ + Adf’f -+ Amereo,H

Cultiveted fielkia
G-1

~

d=d +d,+d +d,

) =(0-d,+0-d2+1-d5+1-d4)/=(d3+a'4y
= d d

Figure VI.7: Determination of the ground coefficient Gpas over a propagation path

Table VI.1: G values for different types of ground

Description

Type . (kPa-s/m?)

G value

Very soft (snow or
moss-like)

A 12.5

1

Soft forest floor
(short, dense
heather-like or thick
moss)

Uncompacted, loose
ground (turf, grass,
loose soil)

Normal
uncompacted
ground (forest
floors, pasture field)

D 200

Compacted field and
gravel (compacted
lawns, park area)

E 500

0.7

Compacted dense
ground (gravel road,
car park)

F 2000

0.3

Hard surfaces (most
normal asphalt,
concrete)

G 20000

Very hard and dense
surfaces (dense
asphalt, concrete,
water)

H 200 000
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Ag ro u n d AH — Adfv + Aatm + Asa.l’ + Adf’f + Ameteo,H

Géométrie d’un calcul de I'atténuation due 2 la diffraction

1 | 2 | . e A
| | _ |, ZCI C.r , IZC'J, C;
r t A g zr = Max| ~10x1 4@ z;_\,T”i— = zr_\lszr Yy A
l T 7
A e | I .
- fi 1 \\/ E if Gpan‘r =0 :A_grmmiH:_a dB
s | ‘
| [
R

1: Coté source

2: Coté récepteur

i

all?
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Ad iﬂ AH = Adiv + Aatm + Asol + Adif + Amereo,H

Adgr = Aair (sr) T Aground (5,0) + Aground (04 R)

lﬂﬂklg 3+EC.§ Ur ﬂfﬁé—l 5=80+OR-d ' 5= S0+ OR - d)

Ay = A A

0 otherwise

ATATATATA T LA LA LA A A A TATATA

§=50,+e+OR-d ’ 5=50,+e+ OR-d

Figure V1.9: Calculation of the path difference in homogeneous conditions. O. Oy and O are the diffraction

points
> O d B & < 25 d B Note: For each configuration, the expression of 4 is given.

Pierre Aumond

, UMRAE



Aref AH — Adfv + Aatm + Asa.l’ + Adf’f + Amerea,H

L_. =I.W+1D:n{lg(1—r::trr}

Figure VI1.12: Specular reflection on an obstacle dealt with by the image source method (S: source, 5': image
source, R: receiver)
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V. Limits
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Given limits...

« Height receivers > 2m

« Distance <800 m

« downward-refraction / homogeneous

« 63 Hz to 4 000 Hz — center band

« Breakdown of the infrastructures into point sources

« does not apply to propagation scenarios above a water body (lake, wide river, etc.).
* The effects of tunnel mouths are not dealt with by the method.

« This method considers obstacles to be equivalent to flat surfaces.

Known limits...

« Berm cannot be modelled
« Screen induced refraction
« Upward-refraction

« Constructive interferences
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